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ABSTRACT 

In  this  document  the  empirical  results  of  a  factor  analysis  of  labor 
market  attributes  of  occupations  are  reported.   The  purpose  of  the  analysis 
is  to  determine  the  principal  structures  of  the  occupation-labor  market  at- 
tribute domain  enabling  a  more  objective  construction  of  "occupation  systems" 
for  use  in  labor  market  and  manpower  research.   Nine  principal  structures  of 
labor  market  segmentation  are  delineated  and  interpreted.   Suggestions  for 
application  of  the  results  are  made.   Sample  base  for  this  investigation  was 
the  detailed  occupational  categories  of  the  I96O  Census  of  Population. 
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I.   INTRODUCTION 

Since  the  nineteenth  century  pronouncement  by  Cairnes  [3]  of 
the  "non-competing  groups"  concept  ,  social  scientists  have  become 
increasingly  interested  in  the  basic  anatomy  of  labor  market  seg- 
mentation.  In  recent  years  attention  has  focused  on  the  specialized 
employment  problems  of  blacks,  women,  young  and  older  workers. 
Studies  of  "bifurcation"  of  the  labor  market  into  "peripheral  worker" 
versus  "full-time : full-year"  employment,  the  work  experience  of 
minority  groups,  youth  and  female  emplojnnent  patterns  and  black/white 
income  and  unemployment  differentials  are  but  a  few  examples  of  re- 
newed interest  in  labor  market  segmentation. 

In  contrast  to  the  large  majority  of  past  labor  market  studies 
which  concentrated  on  various  demographic  groups,  it  is  the  purpose 
of  this  investigation  to  explore  the  structure  of  labor  market  seg- 
mentation with  respect  to  occupations.   The  empirical  methodology  of 
"factor  analysis"  is  the  basic  research  tool  of  this  study.   The  over- 
all goal  is  to  increase  the  relevance  of  occupational  statistics  to 
labor  market  research  through  knowledge  of  the  labor  market  structure 
of  occupations  and,  thus,  to  facilitate  the  development  and  construc- 
tion of  "occupation  systems."  This  report  is  initiated  by  a  brief 
discussion  of  occupation  systems  and  their  place  in  labor  market  and 
manpower  research.   A  more  complete  statement  of  the  "research  question" 
of  the  investigation  is  then  presented.   Thirdly,  the  variables  employed 


in  this  investigation  and  the  occupational  sample  base  will  be  stated. 
Fourthly,  the  general  nature  of  factor  analytic  purpose  and  method  and, 
particularly,  one  subset  of  these  methods,  the  "principal  component 
model,"  will  be  discussed.   The  above  is  followed  by  the  empirical  re- 
sults and  interpretation  of  the  basis  dimensions  of  labor  market  seg- 
mentation.  In  the  "summary  and  conclusions"  section  some  implications 
and  applications  of  the  findings  of  this  study  for  future  labor  market 
research  will  be  given. 

II.   OCCUPATION  SYSTEMS 

Initial  research  in  the  area  of  occupation  systems,  generally 
attributed  to  Alba  M.  Edwards  [4]  ,  was  structured  on  a  theme  of  "socio- 
economic groups."  The  intent  of  such  a  classif icatory  scheme  was  to 
"bring  together  into  one  occupationally  homogeneous  group  all  workers 
belonging  to  the  same  social-economic  class,  with  but  minor  regard  to 
the  occupations  they  pursue...."  [5,  p.  175].   This  theoretical  base, 
now  considerably  scathed  by  repeated  academic  attacks  [2]  [8]  [12],  has 
dominated  the  summary  classifications  of  Census  occupational  tabula- 
tions to  date.   From  these  summary  classifications,  sweeping  general- 
izations on  compensation,  unemployment,  education  and  other  differen- 
tials between  aggregate  classifications  have  been  made  and,  admittedly, 
some  light  is  cast  on  basic  labor  market  segmentation  through  their 
use.   Yet,  the  inadequacy  of  the  theoretical  base  by  which  the  detailed 
categories  are  aggregated  substantially  limits  their  usefulness  in 
specialized  research  investigations. 


As  evidenced  by  review  of  occupational  classification  litera- 
ture, there  clearly  exists  a  need  for  sophisticated  occupational 
systems  for  purposes  of  labor  market  and  manpower  research.   Objec- 
tive criteria  are  necessary  for  construction  of  such  systems.   Thus, 
Scoville  has  developed  a  reclassification  of  detailed  occupations 
along  "job  family"  and  "content  level"  lines  [11].   Broom  and  Smith 
have  suggested  the  structure  of  a  system  based  on  the  inherent  po- 
tentiality for  mobility  of  individuals  in  particular  areas  of  en- 
deavor [1].   Cain,  Hansen  and  Weisbrod  view  "cross-elasticities  of 
supply"  and  "elasticities  of  substitution"  between  occupations  as 
the  proper  conceptual  bases  for  demarcation  of  such  a  system  [2], 
These  examples  of  varying  (although  interrelated)  objective  criteria 
are  formed  from  dominant  themes  of  the  occupational  structure  deemed 
appropriate  for  classificatory  purposes. 

There  are,  of  course,  a  multitude  of  other  objective  criteria 
which  could  be  employed  in  the  construction  of  occupation  systems. 
Age,  sex,  race,  education,  earnings  and  other  labor  market  attributes 
of  occupations  could  each  serve  as  objective  criteria  for  construction 
of  such  a  system.   Or,  one  may  seek  a  "structural  patterning"  of  such 
variables  as  a  basis  for  aggregating  the  detailed  categories.   As  is 

aptly  stated  by  Scoville: 

The  underlying  pattern   of  jobs   in   the  economy  influ- 
ences  and   is   interrelated  with  other  variables   relevant   to 
manpower   and   labor  market   research.      These   include  educa- 
tional and  training  requirements,   worker  mobility  and  move- 
ment,   the   structure   and   distribution   of   compensation,    and 
even   the   age  and  sex  characteristics   of   employment.      I|^  iMd 
oAz  to  kave,  h-nlovavit  and  anatytx.caLiy  li6^{^uI  data,  tkzy 
i>kouJid  be  (ion^tJuicit2,d  WAXk  a  va,2W  touJa^d  tkli>  gdneAoZ  i>yi>- 
t2m  ol  ^^Zatloyii>klp6  bztwdzn  job6  and  otkdfi  tahoK.  maAkoX 
and  manpoi^QA.  \ja/u.abl<ii>      [12,   p.    317].    (Italics  Added) 


An  increased  understanding  of  this  "underlying  pattern"  or  dimensionality 
of  occupations  with  respect  to  relevant  labor  market  variables  could 
serve  as  an  additional  tool  for  development  of  an  occupational  system 
of  greater  relevance  to  current  specialized  research  endeavors.   It  is 
the  purpose  of  this  paper  to  further  explore  the  basic  lines  of  segmen- 
tation of  detailed  occupations  with  respect  to  relevant  labor  market 
attributes  with  hopes  of  serving  the  general  goal  of  improving  the  use- 
fulness of  the  detailed  occupational  categories  for  purposes  of  manpower 

and  labor  market  research. 

.( 

III.   THE  RESEARCH  QUESTION 

The  basic  research  question  of  this  investigation  is  stated  as 
follows:   What  are  the  major,  linearly  independent,  basis  dimensions 
of  labor  market  segmentation  that  span  the  occupation — labor  market 
attribute  space?   Somewhat  less  technically,  the  objectives  are  delin- 
eation and  identification  of  the  principal  structures  or  common  themes 
of  labor  market  segmentation  that  concisely  define  the  systematic  vari- 
ation in  a  data  matrix  of  occupations  by  labor  market  variables.   Each 
of  these  basis  dimensions  is  merely  a  linear  combination  of  labor  market 
attributes  and  as  such,  each  can  be  viewed  as  a  separate  "structural 
meshing"  of  those  attributes. 

To  further  illustrate  this  concept  of  basis  dimensions,  consider 
a  hypothetical  example  of  two  sets  of  labor  market  attributes  such 
that  there  are  strong  interrelationships  among  variables  within  sets 
but  no  relationships  among  variables  between  sets.   Each  set  of  vari- 
ables is,  then,  delineating  a  principal  structure  of  the  attribute  space, 


Through  a  linear  combination  of  the  variables  in  the  first  set,  form 
a  new  variable,  S- .   Similarly,  S^  is  constructed  by  taking  a  linear 
combination  of  variables  in  the  second  set.   By  assumption,  S,  and  S- 
are  not  related  and,  thus,  they  are  basis  dimensions  of  the  attribute 
space.   Each  contains  a  concise  embodiment  of  one  form  of  systematic 
variation  in  the   original  attribute  space.   These  basis  dimensions 
are  said  to  "span"  the  attribute  space  in  that  any  attribute  vector 
can  be  reproduced  by  a  linear  combination  of  the  basis  dimensions. 
In  practice,  variables  do  not  neatly  divide  into  distinct  sets  as  in 
the  above  hypothetical  example;  therefore,  all  variables  will  make  a 
contribution  to  each  of  the  basis  dimensions.   Of  course,  the  contri- 
butions of  the  variables  to  a  given  dimension  will  vary.   In  fact, 
identification  of  the  content  of  £iny  given  dimension  is  facilitated 
by  assessment  of  the  relative  contribution  of  the  variables  to  the 
dimension. 

IV.   THE  DATA  MATRIX 

Although  the  data  on  occupations  are  not  as  rich  as  students  of 

labor  markets  would  have  them,  there  does  exist  a  large  body  of  tabu- 
lations pertaining  to  earnings,  education,  weeks  worked  in  the  previous 
year,  hours,  age,  sex,  race  and  marital  status.   Other  relevant  variables 
can  be  computed  from  the  tabulations  such  as  "unemployment  rates."  The 
profile  variables  selected  for  use  in  this  study  are  as  follows:   per- 
centage values  for  male,  white  male,  white  female,  married,  married  male; 
unemplojrment  rates:   total,  male,  female,  white,  non-white;  not-in-labor 
force  ratios:   male,  female,  total;  and,  percentage  frequency  distributions 


of  earnings,  years  of  education,  weeks  worked,  hours  and  age  on  which 
there  are,  respectively,  ten,  seven,  five,  eight  and  eleven  classifi- 
catory  breakdowns.   Use  of  percentage  frequency  distributions  on  the 
last  five  groups  of  variables  was  decided  so  as  to  more  accurately 
account  for  the  variance,  skew  and  sometimes  bimodality  of  the  dis- 
tributions.  This  information  is  lost  if  a  simple  central  tendency 
measure  is  employed.   All  variables  were  transformed  to  normality  by 
a  "grouping"  procedure  such  that  all  means  and  variances  were  zero 
and  one,  respectively.   The  base  on  all  variables  was  "experienced 
civilian  labor  force"  except  for  "hours"  and  "age"  for  which  and 
"employed"  base  was  utilized. 

Perhaps  the  only  variable  in  need  of  an  accounting  of  its  con- 
struction is  the  "not-in-labor  force  ratio"  (NLFR) .   For  any  given 
occupation  at  any  point  in  time  there  exists  a  stock  of  "former 
workers"  who  had  that  occupation  as  their  "last  job"  and  who  are 
non-participants  in  the  labor  force.   "NLFR"  is  calculated  by  simply 
dividing  this  total  by  the  "experienced  civilian  labor  force"  for  the 
occupation.   It  would,  of  course,  be  hypothesized  that  "NLFR"  would 
be  a  direct  function  of  the  "marginality"  of  an  occupation,  i.e., 
occupations  of  a  part-time :part-year  nature.   In  a  sense,  "NLFR" 
measures  the  interaction  between  "not-in-labor  force"  status  and  oc- 
cupational supply.   It  is  necessary  to  qualify  this  last  statement 
since  measurement  of  "NLFR"  is  one  directional:  from  occupation  to 
"not-in-labor  force"  status,  not  the  reverse.   Also,  there  is  no  data 
on  the  intervening  period  of  unemployment  of  such  workers.   In  computa- 
tion of  this  ratio,  "former  workers"  for  1959  and  1960  were  summed  to 
form  the  numerator. 


A  number  of  qualifications  on  the  data  and  variables  are  in 
order.   Census  reliability  tests  show  substantial  departures  from 
acceptable  levels  of  response  variations  in  categorizing  individuals 
into  their  proper  occupational  class.   Also,  general  homogeneity  of 
the  detailed  categories  with  respect  to  the  job  titles  encompassed 
within  each  respective  detailed  occupation  has  been  severely  criti- 
cized in  the  literature.   Furthermore,  the  cumbersome  size  of  the 
"not  elsewhere  classified"  categories  raises  questions  as  to  the 
general  worthiness  of  the  data.   Particular  to  this  research  endeav- 
or, use  of  the  detailed  occupational  categories  and  a  further  indus- 
trial disaggregation  of  some  of  the  larger  "N.E.C."  classifications, 
which  together  resulted  in  348  cases,  creates  sampling  variability 
problems  especially  with  occupations  which  are  sparsely  populated. 

It  should  also  be  noted  that  the  "earnings"  variables  group  pertains 
to  income  year  1959.   Thus,  for  occupationally  mobile  individuals,  the 
earnings  figure  will  not  conform  with  their  current  occupational  clas- 
sifications.  Furthermore,  because  of  the  "experienced  civilian  labor 
force"  or  "currently  employed"  base  of  the  variables,  individuals  who 
worked  in  1959  or  early  1960  but  who  were  "not-in-labor  force"  at  Census 
taking  time  are  not  included  in  the  tabulations.   A  qualification  on 
the  "unemployment  rate"  variable  is  also  necessary.   This  is  because 
the  unemployed  individual's  job  horizon  will  generally  encompass 
options  other  than  his  most  recent  line  of  work.   Thus,  to  speak  of 
an  unemployment  rate  for  "welders"  is  a  more  tenuous  concept  than  that 
of  the  "male"  unemployment  rate  since  it  is  more  difficult  for  an  in- 
dividual to  escape  the  classification  of  "male." 


V.   THE  COMPONENT  ANALYSIS  MODEL 

The  "principal  component  analysis"  model  is  a  type  of  factor 
analytic  technique.   As  such,  this  model  has  in  common  with  other 
factor  analytic  techniques  the  general  goal  of  producing  a  more 
parsimonious  description  of  a  data  matrix,  i.e.,  disentangling  the 
patterns  of  interrelationship  between  variables  in  the  attribute 
space  into  primary  independent  lines  or  dimensions  of  variation. 
These  basis  dimensions,  which  are  a  concise  embodiment  of  the  sys- 
tematic variation  in  the  original  data  matrix,  outline  the  basic 
structure  of  a  domain  and,  thus,  produce  the  desired  parsimonious 
description  of  the  data.   Furthermore,  objects  or  cases  can  be 
"scaled"  along  each  of  the  basis  dimensions  of  the  attribute  space 
enabling  a  clustering  of  cases  into  groups  based  on  similarity  of 
profile  values.   It  is  seen,  then,  that  factor  analytic  techniques 
serve  as  a  tool  for  development  of  an  empirical  typology. 

Unlike  other  factor  analytic  techniques  in  which  it  is  assumed 
that  each  variable  can  be  decomposed  into  "common"  and  "unique"  parts 
component  analysis  is  concerned  with  the  space  defining  the  total 
variance  of  the  variables  in  question.   Component  analysis  produces 
the  basis  dimensions  of  the  data  making  no  assumption  regarding  the 
existence  of  common  factors.   In  fact,  since  the  component  model 
analyzes  total  variation,  the  common,  specific  and  random  error 
variances  are  all  intertwined  in  the  basis  dimensions.   When  the 
communality  of  the  variables  is  high  (as  measured  by  the  squared 
multiple  correlation  coefficient  of  each  variable  with  all  other 
variables),  however,  the  results  of  component  analysis  will  be  quite 


similar  with  those  of  common  factor  analysis  [10,  p.  112].   Component 
analysis  has  the  additional  advantage  that  an  exact  solution  for  the 
"scaling"  of  cases  can  be  computed  whereas  only  approximations  are 
possible  with  the  common  factor  analysis  method  [10,  p.  436]. 

Mathematically,  the  "component  analysis"  model  can  be  stated  as 
follows : 

h   =  ^'21^1  -^  °'22^2  -^  •••  +  ^^2^  +•••■'  W?' 

•  •  •  •  • 

•  •  •  •  • 

•  •  •  •  • 

Z.  =  a.,S,  +a.„S„  +  ...  +a,,S,  +  ...  +a   S  , 
J    Jl  1    J2  2  jk  k         jp  p' 


Z  =a,S-+a,S,  +...+a,S,  +...+a   S, 
m    ml  1    ml  1         mk  k         nip  p 


where:  Z.is  the   i-th  standarized  variable  data  vector:  S,  is  the  k-th 
J  '   k 

factor  dimension;  a.,  is  the  "loading"  weight  of  factor  dimension  "k" 
on  variable  "j";  "m"  is  the  number  of  variables;  and,  "p"  is  the  dimen- 
sionality of  the  data.   Stated  in  matrix  form: 

Z  =  SF'  ,  (1) 

where  "Z"  is  an  "n  by  m"  matrix  with  rows  of  cases  and  columns  of  vari- 
ables, "S"  is  an  "n  by  p"  matrix  of  "factor  scores"  or  "scale  values" 
of  each  case  on  each  factor  dimension  of  the  data  and  "F"  is  a  matrix 
size  "m  by  p"  of  factor  loadings. 

From  the  above  it  should  be  apparent  that  there  is  a  relationship 
between  multiple  linear  regression  and  component  factor  analysis.  The 
factor  dimensions  of  "component  analysis"  are  analogous  to  the  independent 
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variables  of  "multiple  regression  analysis"  and  the  loadings  of  the 
former  are  the  regression  coefficients  of  the  latter  [10,  p.  204]. 
Yet,  despite  this  relationship,  the  questions  asked  of  the  data  are 
different.   "Regression  analysis"  measures  dependence  of  one  variable 
on  a  set  of  other  variables.   In  factor  analytic  techniques,  the  basic 
research  question  is  one  of  interdependency ,  i.e.,  interest  is  in  the 
smallest  number  of  independent  dimensions  that  will  span  the  vector 
space  defined  by  the  original  set  of  variables. 

The  objective  of  "component  analysis"  is  to  determine  the  elements 
of  the  factor  loadings  matrix  (F)  and  the  factor  score  matrix  (S). 
Generally,  the  above  is  accomplished  through  "factoring"  of  the  cor- 
relation matrix  (R) .   The  dependence  of  the  solution  on  the  correlation 
matrix  is  seen  in  the  matrix  manipulations  below.   From  equation  (1) , 

Z'Z  =  (SF')'(SF')  =  FS'SF'.  (2) 

The  inner  product  (S'S)  of  the  right  most  expression  reduces  to  (nl) , 
where  "n"  is  the  number  of  cases  and  "I"  is  an  "m  by  m"  identity  matrix, 
when  the  factor  scores  are  orthogonal  (uncorrelated)  and  column  stan- 
dardized.  Thus,  multiplying  through  by  the  scaler  "1/n",  one  obtains: 

(l/n)Z'Z  =  FF'.  (3) 

The  left  side  of  equation  (3)  is  the  familiar  matrix  expression  of  the 
product  moment  correlation  matrix;  therefore, 

R  =  FF'  (4) 


or 


r..  =  E  a,  .a.,  .  ^ ,  ,  >. 

jk   ^  ji  ik  (4  ) 
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Equation  (4)  is  known  as  the  fundamental  theorem  of  "factor  analysis." 
The  solution  for  "F"  involves  determination  of  the  characteristic  roots 
and  vectors  of  "R"  and  is  commonly  known  as  the  "principal  axes"  techni- 
que.  Defining  "E"  as  a  matrix  of  eigenvectors  and  "X"  as  a  diagonal 
matrix  of  corresponding  eigenvalues , 

R  =  EAE'  =  (EX-'-^^XA-^'^^E')  =  FF' .  (5) 

Thus,  the  matrix  of  factor  loadings  (F)  is  equal  to  the  eigenvector 
matrix  of  "R"  with  each  column  eigenvector  of  "E"  rescaled  by  the 
square  root  of  its  corresponding  eigenvalue.   The  solution  is  mathe- 
matically unique.   The  columns  of  "F"  are  generally  extracted  in  a 
"principal  axes"  algorithm  such  that  the  first  factor  explains  the 
largest  percent  of  variance,  the  second  factor  explains  the  largest 
percent  of  the  remaining  variance  given  that  it  is  orthogonal  to  the 
first  factor  and  so  on.   Each  additionally  extracted  factor  is  orthogonal 
to  those  previously  extracted.   Generally,  the  number  of  possible  factors 
is  equal  to  the  number  of  variables  since,  in  most  empirical  investiga- 
tions, the  rank  of  the  correlation  matrix  is  equal  to  the  number  of 
variables.   But,  typically  only  a  small  number  of  these  dimensions  will 
be  of  interest  in  terms  of  their  importance  in  accounting  for  variance 
in  the  original  variable  space. 

For  the  "principal  component"  model,  the  solution  for  the  matrix 
of  factor  scores  (S)  is  straightforward.   Employing  equation  (1)  under 
the  assumption  that  only  "p"  non-trivial  factors  were  extracted  from 
the  data: 

ZF  =  SF'F  (6) 
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and  thus , 

S  =  ZFCFT)"-*-.  (7) 

If  "F"  is  unrotated,  "F'F"  will  be  a  matrix  with  the  eigenvalues  along 
its  main  diagonal  [10,  p.  436].   The  "s.,  "  element  of  "S"  is  the  "score" 
or  "scale  value"  of  object  "i"  on  dimension  "k". 


VI.   EMPIRICAL  RESULTS 

A.   The  Unrotated  Factor  Matrix. 

The  "principal  axes"  method  of  factor  analysis  was  applied  to  the 
product  moment  correlation  matrix  (R)  of  the  variable  set.   Table  I. 
presents   the  mathematically  unique  unrotated  factor  "loadings"  matrix 
(F)  for  the  first  nine  factors.   The  (i,j)  loadings  of  "F"  is  the  pro- 
duct moment  correlation  of  variable  "i"  with  factor  dimension  "j"; 
consequently,  approximately  17  percent  of  the  variance  of  "percent  male" 
is  explained  by  the  first  factor.   In  factor  analysis  there  is  a  general 
problem  of  when  to  stop  extracting  factors.    The  "eigenvalue-one" 
criterion  was  employed  in  this  investigation,  i.e.  ,  only  those  factors 
with  eigenvalues  greater  than  unity  were  extracted  [10,  p.  362].   The 
first  nine  factors  account  of  83  percent  of  the  variance  in  the  trans- 
formed data  matrix.   Or,  stated  alternatively,  the  remaining  possible 

45  factors  explain  only  17  percent  of  the  variance.   The  column  vector 

2 
"h."  has  as  its  elements  the  sum  of  squared  factor  loadings  across 

factors  and  is  known  as  the  "communality"  of  a  variable.   This  measures 


A  number  of  criteria  have  been  developed  for  the  "number  of 
factors"  problem.   For  a  discussion  of  these  the  reader  is  referred  to 
Chapter  15  of  Ruinmel  [10].  In  recent  years  the  "eigenvalue-one"  criterion 
has  been  widely  employed. 
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the  proportion  of  variance  of  each  variable  involved  in  the  nine 
dimensional  factor  space.   Also  posted  in  Table  1  are  eigenvalues 
for  the  first  nine  factors  along  with  percent  variance  which  is 
equal  to  X./m,      The  eigenvalue  for  any  given  factor  is  equivalent 
to  the  sum  of  the  squared  loadings  for  the  factor  dimension. 

From  the  relative  size  of  the  first  eigenvalue  it  is  apparent 
why  the  first  factor  dimension  is  often  regarded  as  the  general 
factor.   More  than  one-third  of  the  variation  is  dependent  on  this 
dimension.   Moreover,  the  pattern  of  factor  weights  of  this  first 
dimension  are  readily  interpretable  in  a  labor  market  sense.   Percent 
white  female,  the  unemployment  rates,  the  NLFR  variables,  low  earn- 
ings, education,  weeks  worked,  hours  and  age  all  possess  appreciably 
positive  loadings.   Strongly  negative  weights  are  found  on  the  male, 
white  male,  married  and  married  male  variates  as  with  high  earnings, 
education,  full-year  weeks  worked,  long  hours  and  middle  age.   If  a 
name  were  to  be  attached  to  this  dimension,  a  "prime-aged  male"  label 
would  seem  appropriate.   Occupations  dominated  by  women,  blacks  and 
young  workers  of  a  general  part-time :part-year  nature  with  low  educa- 
tion requirements  and  meager  compensation  would  score  high  on  this 
factor  while  those  occupations  inhabited  by  prime-aged  males  would 
score  low. 

The  second  dimension  of  the  unrotated  factor  matrix  indicates 
another  male  dominated  dimension  while  factor  three  is  weighted 
heavily  on  older  worker  age  categories.   Beyond  these  three  factors, 
loading  patterns  are  less  interpretable.   Techniques  of  matrix 
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rotation  to  "simple  structure"  have  been  developed  to  facilitate  in- 
terpretation of  dimensions.   Rotation  is  performed  to  discern  the 
cluster  patterning  of  variables  as  is  seen  by  the  example  in  Figure  1. 
In  this  example  it  is  seen  that  the  variables  load  highly  on  both  di- 
mensions as  evidenced  by  their  respective  projections  onto  the  unrotated 
axes.   For  the  orthogonally  rotated  axes,  the  cluster  patterning  of  the 
variables  is  more  readily  discernable.   It  is  apparent  from  this  example 
that  "oblique"  rotation  even  better  identifies  the  cluster  patterning  of 
the  factor  space.   In  fact,  it  is  the  general  solution  for  rotation 
whereas  "orthogonal"  rotation  is  a  subset  of  "oblique"  rotation.   Unlike 
"orthogonal"  rotation,  "oblique"  rotation  permits  intercorrelations  of 
basis  dimensions.   The  question  of  which  technique  to  employ  was  em- 
pirically determined  in  this  investigation.   On  the  basis  of  a  number 
of  significant  intercorrelations  of  obliquely  determined  dimensions,  it 
was  decided  not  to  impose  orthogonality  through  use  of  such  a  rotation 
model.   Complexity  of  the  factor  space  necessitated  an  "oblique"  rota- 
tion. 


B.   Oblique  Rotated  Factor  Matrix. 

Table  II.  presents  the  results  of  an  oblique  "binormamin"  rota- 
tion of  the  unrotated  matrix  of  Table  I.    There  are  two  matrices 
generated  by  oblique  rotation:   the  "factor  pattern"  and  the  "factor 
structure"  matrix.   The  first,  which  is  presented  in  Table  II  ,  is 
best  for  discernment  of  the  clustering  of  variables  on  factor  dimensions, 


There  are  a  number  of  methods  for  oblique  rotation  [7,  ch.  15] 
[10,  sect.  17.3].   The  "binormamin"  method  is  useful  when  the  factor 
space  is  relatively  simple  or  highly  complex.   On  the  basis  of  the 
complexity  of  the  space,  the  "binormamin"  method  was  selected. 
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FIGURE  I. 
Illustration  of  the  Objective  of  Rotation 
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Loadings  on  the  "primary  factor  pattern"  matrix  measure  the  "unique" 
contribution  of  a  particular  factor  dimension  to  the  variance  of  a 
given  variable;  thus,  these  weights  are  analogous  to  regression  co- 
efficients of  the  variables  on  the  factors.   The  "primary  factor 
structure,"  which  has  as  its  element  the  product  moment  correlations 
between  variables  and  factors,  is  presented  in  Appendix  A.   Corres- 
ponding values  on  the  two  matrices  are  not  identical  due  to  inter- 
correlations  of  the  factor  dimensions.   Sums  of  squares  by  factor 
dimensions  of  the  "primary  factor  pattern"  matrix  indicate  the  relative 
importance  of  a  given  dimension  in  the  factor  space.   As  can  be  seen  by 
comparison  of  these  values  with  those  corresponding  to  the  unrotated 
factor  matrix,  one  effect  of  "oblique  rotation"  is  to  more  evenly  spread 
the  variance  across  factor  dimensions.   Presented  in  Table  III  are  the 
intercorrelations  of  the  factor  pattern  dimensions.   These  coefficients 
are  equivalent  to  product  moment  correlations  between  the  column  vectors 
of  the  factor  score  matrix  (S). 

C.   Interpretation  of  Factor  Dimensions. 

Each  of  the  factor  dimensions  will  be  briefly  discussed  in  this 
section.   A  label  is  given  to  each  dimension  which  will,  hopefully, 
summarize  the  content  of  each  respective  dimension.   The  intercorrela- 
tions of  the  factor  pattern  dimensions  will  also  be  examined. 

Factor  1;   Male-Remunerative  Dimension.   This  dimension  is  almost 
totally  dominated  by  sex,  sex-race  variables  and  earnings  variables. 
Strong  positive  weights  are  found  on  percent  male,  percent  white  male 
and  the  upper  earnings  categories.   The  percent  white  female  variable 
is  extremely  negative.   Marital  status  variables  are  intermediately 
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positive.   NLFR-total  is  intermediately  negative.   Earnings  vari- 
ables begin  negative  in  the  lower  range  and  are  extremely  positive  in 
the  five  to  ten  thousand  dollar  range.   There  is  drop  in  the  magni- 
tude of  the  positive  weight  for  the  two  highest  earnings  categories. 
Few  of  the  variables  in  the  unemployment,  education,  weeks  worked, 
hours  and  age  variable  sets  are  of  importance  although  the  pattern 
of  the  loadings  on  the  age  variable  set  is  quite  interesting.   Nega- 
tive weights  are  recorded  on  young  and  older  worker  categories  and 
intermediately  positive  weights  are  registered  on  two  middle  age 
categories  of  30-3A  and  35-44  years. 

That  there  is  a  male  dimension  to  the  employment  structure  is  no 
surprise.   But,  coupled  with  the  pattern  of  the  earnings  variables 
along  with  very  close  to  nil  loadings  on  the  education  variable  set, 
the  importance  of  this  dimension  is  greatly  amplified.   Alternative 
labels  for  this  dimension  might  be  "returns  to  male"  and  "unjustified 
success."  Taking  into  account  the  age  and  marital  status  loadings,  a 
less  controversial  label  would  be  "head  of  household"  dimension.   One 
must  apply  caution  in  use  of  the  more  controversial  labels,  including 
the  one  chosen  for  this  dimension,  since  "on-the-job  training,"  ex- 
perience, skill  attributes,  working  conditions,  etc.  were  not  included 
in  the  variable  set.   Additional  modelling  and  testing  is  called  for 
along  lines  of  this  apparent  dimension  of  occupations. 

Factor  2 ;   Youth-Marginal  Dimension.   Examination  of  the  loadings 
on  this  first  dimension  indicates  a  segmentation  of  the  occupation- 
attribute  space  by  marital  status,  strong  NLFR's,  very  low  earnings, 
hours,  weeks  worked  and  age.   Percentage  white  male  has  a  negative 
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effect  on  this  dimension  as  is  also  the  case  with  the  higher  earnings 
categories,  full-year  weeks  worked,  40-48  hours  and  middle  age.   Par- 
ticularly important  is  the  negative  effect  of  the  35-44  years  of  age 
category.   The  unemployment  and  educational  categories  have,  notably, 
little  bearing  on  this  dimension.   This  general  lack  of  significance 
of  unemployment  coupled  with  the  strong  impact  of  the  NLFR  categories 
underscores  the  importance  of  interaction  between  not-in-labor  force 
status  and  occupational  supply.   Probably,  this  interaction  is  not 
coupled  with  long  periods  of  intervening  unemployment.   Lack  of  sig- 
nificance of  education  categories  is,  indeed,  puzzling.   It  will  be 
seen  that  this  dimension  correlates  negatively  with  E'actor  3,   a 
dimension  dominated  by  the  educational  variables.   This  affords  a 
partial  explanation  for  the  poor  showing  of  the  education  variables 
on  this  "youth-marginal"  dimension. 

This  dimension  is,  notably,  not  correlated  with  Factor  1.   Thus, 
these  first  two  dimensions  are  essentially  orthogonal  segmentations 
of  the  labor  market. 

Factor  3:   Human  Capital  Dimension.   The  most  striking  feature 
of  this  third  dimension  is  the  pattern  and  magnitudes  of  the  education 
variables.   These  weights  are  substantially  negative  for  the  first 
three  educational  variates  with  twelve  years  of  education  serving  as 
the  "twist"  variable  in  this  education  variable  set  with  its  low  posi- 
tive weight  serving  as  a  divider.   Strong  positive  weights  are  regis- 
tered on  all  higher  education  categories.   Intermediately  positive 
are  the  variables  percent  white  female,  the  upper  earnings  categories 
beginning  with  seven  thousand  plus  dollars,  the  34-39  hours  variable 
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and  two  age  categories:  25-29  and  30-34  years.   Low  to  intermediately 
negative  are  the  unemployment  rate  variables.   Dominance  for  this 
dimension  is,  of  course,  furnished  by  the  educational  variable  set  and 
secondly  by  upper  earnings.   There  are  those  who  may  disagree  with  the 
labelling  since  "on-the-job  training"  and  other  types  of  formalized 
vocational  learning  are  not  included  in  the  variable  set.   Yet,  it  is 
believed  that  the  "human  capital"  label  captures  the  dominant  sub- 
stance of  this  dimension.   An  alternative  label  might  be  "returns  to 
general  education." 

Theoretically,  one  would  expect  more  bearing  on  this  dimension 
of  low  earnings,  weeks  worked,  hours  and  age  than  was  found.   This  is 
partially  accounted  for  by  significant  negative  correlation  of  the 
"human  capital"  dimension  with  the  "youth-marginal"  dimension  (-.37). 
Yet,  this  implies  in  the  prediction  of  one  factor  score  set  from  the 
other  an  explained  variance  of  less  than  fourteen  percent  that,  while 
significant,  is  still  relatively  low.   This  relationship  with  the  "youth- 
marginal"  dimension  is  the  theoretically  postulated  result,  however. 

With  respect  to  the  first  dimension,  "human  capital"  is  essentially 
orthogonal. 

Factor  4;   Senior  Worker  Dimension,   This  dimension  is  relatively 
straightforward  in  interpretation  as  is  seen  by  the  extremely  high 
loadings  on  all  age  variables  of  45+  years.   All  other  age  variables 
are  negative  in  sign  with  the  two  twenty  year  old  categories  possessing 
the  larger  magnitudes.   The  35-44  years  of  age  variable  is  the  "twist 
variable"  in  this  age  segmentation  of  occupations.   None  of  the  other 
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variables  weight  heavily  on  this  dimension  although  intermediately 
positive  loadings  are  registered  on  the  marital  status  variables  and 
the  eight  years  of  education  variable.   Otherwise,  this  dimension  is 
null  with  respect  to  sex,  sex-race,  unemployment,  NLFR,  earnings, 
education,  weeks  worked  and  hours.   Occupations  will  score  on  this 
dimension  almost  solely  on  the  basis  of  their  respective  age  dis- 
tribution skew  and  variance  patterns. 

It  is  interesting  to  note  that  the  pattern  of  age  variable 
loadings  is  not  symmetric  in  that  the  two  lowest  age  categories, 
while  negative,  are  not  of  appreciable  magnitude.   This  is  explained, 
in  part,  by  occupations  possessing  relatively  flat,  if  not  bimodal, 
age  distributions  such  as  the  "private  household"  occupational  cate- 
gories. 

The  significance  of  this  dimension  for  manpower  and  labor  market 
research  is  multifold.  This  is  particularly  true  for  "occupational 
mobility"  research  since  occupations  dominated  by  older  workers  would 
tend  to  be  of  longer  tenure.  That  is  to  say,  younger  workers  account 
for  the  lion's  share  of  occupational  mobility.  Furthermore  ,  if  this 
dimension  is  relatively  constant  through  time,  due  to  attrition  only, 
certain  patterns  of  occupational  mobility  are  dictated. 

One  is  tempted  to  theorize  as  to  reasons  for  existence  of  such  a 
dimension.   For  declining  occupations,  it  might  be  hypothesized  that 
younger  workers  would  have  a  greater  propensities  for  retraining  and 
relocation  due  to  the  longer  time  perspective  they  have  to  reap  the 
benefits  from  such.   Their  attachment  would,  then,  likely  be  less  for 
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a  given  declining  occupational  category.   Furthermore,  the  attraction 
of  younger  workers  to  a  declining  occupation  would,  undoubtedly  be 
less.   Younger  workers  would  also  tend  to  place  low  on  the  rungs  of 
the  seniority  ladder  with  obvious  consequences.   As  a  result,  the  age 
distribution  would  become  increasingly  negatively  skewed  for  such  oc- 
cupations with  passage  of  time.   "Senority  grading"  of  certain  occupa- 
tions would  be  an  alternative  hypothesis.   To  be  a  "locomotive  engineer" 
a  younger  worker  must,  in  many  instances,  pass  through  a  training  period 
as  a  "locomotive  fireman."  The  natural  expectation  would  be  for  dif- 
ferentials in  the  skew  patterns  of  the  age  distribution  for  these  two 
occupations.   One  would  expect  similar  relationships  for  "apprentice- 
ship" occupations  relative  to  their  respective  "journeyman"  occupational 
counterparts.   Another  possible  hypothesis  postulates  the  existence  of 
job  categories,  with  relatively  light  physical  requirements,  which  are 
particularly  suited  to  habitation  by  older  workers.   "Watchmen"  and 
"janitors"  would  be  possible  examples.   It  is  likely  that  no  single 
theoretical  structure  can  fully  accotint  for  the  complexity  of  this 
dimension  of  occupations.   Rather,  it  is  probable  that  an  intermingling 
of  structural  relationships  operates  to  produce  this  apparent  labor 
market  segmentation. 

The  "senior  worker"  dimension  is  essentially  orthogonal  to  the 
three  previous  dimensions.   Thus,  it  is  quite  possible  for  a  given 
occupation  to  score  high  or  low  on  all  four  dimensions. 

Factor  5:   Seasonality  Dimension.   This  particular  dimension  is 
not  readily  interpretable.   The  strong  positive  loadings  on  27-39  and 
40-49  weeks  worked  coupled  with  the  negative  magnitude  of  full-year 
weeks  worked  and  weaker  positive  magnitudes  for  the  two  lower  weeks 
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worked  categories  suggests  that  occupations  scoring  high  on  this  di- 
mension will  not  necessarily  be  "marginal"  types.   This  is  also  sug- 
gested by  the  loadings  on  the  hours  variable  set.   Lack  of  strong 
correlation  with  the  "youth-marginal"  dimension  adds  credence  to  this 
hypothesis.   To  be  truthful,  factor  scores  on  this  dimension  were 
examined  to  get  a  better  feel  for  what  this  dimension  was  picking  up. 
It  was  found  that  occupations  with  a  general  "seasonal"  flavoring 
scored  highly  on  this  dimension  such  as  "teachers"  and  several  con- 
struction related  jobs  such  a  "brickmasons"  and  "carpenters."  Thus, 
the  "seasonality"  label  was  employed  although  it  is  not  believed  that 
this  label  fully  captures  the  content  of  this  dimension. 

This  dimension  correlates  negatively  with  the  "male-remunerative" 
dimension  (-.47)  and  the  "human  capital"  dimension  (-.31)  and  is  es- 
sentially orthogonal  with  the  "senior  worker"  and  "youth-marginal" 
dimensions. 

Factor  6:   Labor  Reserve  Dimension.   Unemployment  and  NLFR,  es- 
pecially with  respect  to  "female,"  are  the  important  determinates 
of  this  dimension  with  minor  ties  to  low  education,  low  weeks  worked 
and  the  25-29  and  30-3A  years  of  age  variables.   It  is  somewhat  sur- 
prising to  find  this  dimension  so  far  down  the  line.   In  slight  com- 
pensation, there  are  significant  relations  to  previously  extracted 
dimensions  with  the  a_  priori  expected  signs  on  the  correlation  coef- 
ficients.  A  low,  though  significant  positive  correlation  is  registered 
with  the  "youth-marginal"  dimension  (.15).   It  is  remembered  that  on 
the  first  dimension  the  NLFR  variables  registered  their  highest  loadings, 
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This  result  seems  to  further  underscore  the  relative  importance  of 
NLFR  versus  unemployment  rates  as  significant  labor  market  variables 
of  occupations. 

Factor  7;   Long  Hours  Dimension.   The  largest  positive  loadings 
on  this  dimension  are  registered  on  the  three  variables  of  41+  hours 
with  a  substantially  negative  loading  on  the  40  hours  variable.   Per- 
cent white  male  and  the  two  highest  earnings  categories  play  a  minor 
role  in  this  dimension.   It  has  long  been  recognized  that  some  occupa- 
tions have  appreciably  longer  work  weeks,  particularly  the  higher 
status  occupations  such  as  "lawyers  and  judges"  and  "physicians  and 
surgeons. " 

Low  negative  correlations  are  registered  with  the  second  and  fifth 
dimensions,  -.18  and  -.15,  respectively.   Positive  correlations  of  +.29 
were  found  with  the  "human  capital"  and  "senior  worker"  dimensions. 
Notably,  this  dimension  is  orthogonal  to  male-remunerative. 

Factor  8;   Mid-Remunerative  Dimension.   Except  for  the  lowest 
category,  loadings  on  this  dimension  concentrate  on  the  first  five 
earnings  variables,  particularly  the  three  to  four  and  four  to  five 
thousand  dollar  categories.   Minor  positive  weight  is  recorded  on  the 
40  hours  variable.   Intermediately  positive  loadings  are  registered  on 
the  two  twenty  years  of  age  variables  which,  in  conjunction  with  the 
weights  on  the  earnings  variables,  suggests  a  possible  "career-step" 
orientation  to  occupations  scoring  highly  on  this  dimension.   This 
dimension  is  negatively  related  to  the  previous  seven  dimensions  except 
for  "male-remunerative"  and  "labor  reserve."   It  is  also  essentially 
orthogonal  to  the  "seasonality"  dimension. 
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Factor  9 ;   Mid-Educative  Dimension.   The  feature  of  this  dimen- 
sion is  the  patterning  of  the  education  variables  around  "completed 
high  school  education."  There  are  minor  ties  to  the  structure  of 
compensation  as  witnessed  by  the  three  earnings  variables  in  the  five 
to  eight  thousand  dollar  ranges.   Examination  of  intercorrelations  re- 
veals, generally,  minor  association  with  the  other  dimensions.   Such 
jobs  would  likely  be  characterized  by  intermediate  educational  stan- 
dards.  Returns  to  higher  education  would  tend  to  diminish  rapidly, 
however.   As  indicated  by  the  lack  of  correlation  with  the  second  and 
sixth  dimensions  and  the  negative  correlation  with  the  "seasonality" 
dimension,  these  jobs  offer  a  reasonable  degree  of  steadiness  of  employ- 
ment.  In  exchange,  it  is  hypothesized  that  employers  impose  intermedi- 
ate educational  requirements  as  minimal  prerequisities  of  employment. 

The  interpretation  of  the  factor  dimensions  is,  of  course,  purely 
subjective.   Although  it  is  believed  that  the  labels  which  were  utilized 
capture  much  of  the  content  of  the  dimensions,  there  is  no  claim  that 
the  labels  are  exhaustive.   Other  alteimative  nomens  are  possible  and, 
indeed,  for  some  of  the  dimensions  additional  titles  have  been  suggested. 
To  assist  the  reader  who  is  interested  in  a  more  thorough  examination  of 
the  content  of  each  dimension,  the  factor  score  matrix  "S"  is  included 
in  Appendix  B  along  with  the  respective  detailed  occupational  titles. 

VII.  SUMMARY  AM)  CONCLUSIONS 

In  this  study  an  attempt  was  made  to  delineate  the  principal 
structures  of  occupational  labor  market  segmentation.   The  data  base 
consisted  of  nine  labor  market  variable  sets  on  the  detailed  occupa- 
tional categories  and  industrial  divisions  thereof  for  the  1960  Census 
of  Population.   A  product  moment  correlation  matrix  between  variables 
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was  "factor  analyzed"  by  the  "principal  component"  method  and  was 
found  to  be  essentially  reproducible  through  employment  of  nine 
basis  dimensions  (83  percent  explained  variation).   The  factor  matrix 
was  rotated  to  "oblique  simple  structure"  by  the  "binormamin"  method 
to  facilitate  interpretation  of  the  basis  dimensions.   Content  of  each 
of  the  rotated  dimensions  was  examined  and  found  to  be  generally  in- 
terpretable  in  a  labor  market  context.   In  order  of  importance,  the 
basis  dimensions  were  labelled  as  "male-remunerative,  youth-marginal, 
human  capital,  senior  worker,  seasonality,  labor  reserve,  long  hours, 
mid-remunerative,  and  mid-educative." 

The  general  picture  which  emerges  from  this  investigation  is  one 
of  extreme  complexity  of  the  labor  market  attribute  space  of  occupa- 
tions.  Although  a  substantial  reduction  in  the  dimensionality  of  the 
original  variable  space  was  achieved  while  preserving  much  of  the  in- 
formation in  that  space,  the  structure  of  the  intercorrelations  between 
factors  suggest  these  dimensions  are  delineating  essentially  independent 
interrelationatory  patterns.   This  is  to  say  knowledge  of  the  factor 
scores  of  occupations  on  a  given  dimension  offers  little  and  sometimes 
no  information  for  prediction  of  factor  scores  on  other  dimensions. 
The  labor  market  attribute  space  of  occupations  is  multidimensional. 
It  defies  broad  simplification  and  generalizations  as  to  its  structure. 

Due  to  the  multidimensional  structure  of  the  attribute  space,  any 
given  occupation  system  will  suppress  relevant  information.   There  is, 
in  all  probability,  no  single  system  which  can  satisfy  all  research 
needs.   No  single  criterion  for  aggregation  of  the  detailed  classifications 
will  suffice.   A  particular  research  endeavor  may  even  require  the 
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development  and  use  of  several  systems.   Thus,  the  dream  of  a  single 
occupation  system  still  retains  its  metaphysical  character.   "It  is 
up  to  the  analyst  in  a  specific  area  then  to  try  to  redeploy  the  data 
for  his  uses."  [9,  p.  207] 

Knowledge  of  the  labor  market  dimensionality  of  occupations  is 
certainly  pertinent  information  which  can  be  utilized  in  other  inves- 
tigations.  Lack  of  generalizability  of  the  entire  structure  does  not 
pertain  to  its  individual  parts.   Thus,  one  interested  in  "youth 
labor  markets"  may  employ  factor  scores  on  the  second  dimension  to 
construct  an  occupation  system.   Or,  for  example,  occupations  may  be 
grouped  on  the  basis  of  the  "male-remunerative"  dimension  and  each  of 
these  groups  further  divided  by  "labor  reserve"  factor  scores.   Gen- 
eralized methods  exist  for  computation  of  "distance  measures"  between 
occupation  pairs  and  "clustering"  of  occupations  on  the  basis  of  these 
distance  measures  employing  any  combination  or  all  of  the  dimensions. 
Alternatively,  one  can  use  the  dimensions  as  input  to  another  conceptual 
system  such  as  the  "job  family"  approach. 

Aside  from  the  typological  conveniences  afforded  by  the  "principal 
component"  technique,  additional  implications  for  labor  market  and  man- 
power research  are  seemingly  apparent.   Probably  the  most  predominant 
of  these  implications  is  the  very  existence  of  meaningful  occupational 
labor  market  segmentation.   To  the  extent  which  it  exists,  labor  market 
segmentation  should  be  incorporated  into  research  methodology  rather 
than  relegated  to  error  terms.   A  pure  example  relates  to  the  numerous 
attempts  to  measure  "returns  to  education."   Such  attempts  may  have 
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residual  variation  as  their  most  interesting  aspects  if  the  strength 
of  the  "male-remunerative"  dimension  can  be  accepted  as  being  anywhere 
near  to  the  truth.   Without  a  methodological  handle  on  "returns  to 
maleness,"  it  is  not  likely  that  "returns  to  education"  can  be  sys- 
tematically assessed.   Through  this  example  it  is  seen  that  knowledge 
of  the  labor  market  dimensionality  of  occupations  can  be  useful  in- 
formation in  the  modelling  of  labor  market  and  manpower  research 
questions. 
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